Isomer-specific 3-chloroacrylic acid dehalogenases catalyze the hydrolytic dehalogenation of the cis-and trans-isomers of 3-chloroacrylate to yield malonate semialdehyde. These reactions represent key steps in the degradation of the nematocide, 1,3-dichloropropene. Recent studies of the kinetic mechanism of cis-3-chloroacrylic acid dehalogenase (cis-CaaD) using stopped-flow and chemical-quench techniques yielded data consistent with a minimal four-step model involving substrate binding, chemistry and ordered product release. However, a few minor shortcomings in the experimental conditions were later indentified. To resolve these issues and to further refine the existing model, new assay conditions were developed with a higher buffering capacity at the pH optimum (for k cat ). Additionally, stopped-flow experiments (following active site tryptophan fluorescence) were extended to include the full reaction time course. The effect of increasing product halide concentration on cis-CaaD fluorescence was also determined. Chemical-quench experiments show burst kinetics, indicating that product release remains at least partially rate limiting. Bromide ion is also a competitive inhibitor of the reaction indicating that it binds to the free enzyme rather than to the enzyme with one product still bound. This observation suggests that malonate semialdehyde is the first product released by the enzyme (rate limiting), followed by halide. Global fitting by simulation of all of the kinetic results (including steady state rate experiments) yielded individual rate constants for each step. A crystal structure of inactivated (covalent adduct) cis-CaaD also revealed a loop region closed down on the active site. This loop may possibly play a similar role in sequestering substrate from the external environment.
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